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Ads development lazqua_e and l=s t_piied mech-

odoloqies have the l_cenCAal Co siqu_£AcanCly Am-

prove C/_ qeueral so_vlLce develo_nt process

,-he rosulCinq produce. At: the _a=£onal _ronau-

CAts _ Space Ad_Anls_rac_on (_ASA)/Goddard Space

Tllqh_ Center (GSFC), the So_tvare F.nqineorAnq

LaJooratory (S_) has been couduc_inq s_udles and

ezl_r_Jk_nCs rich the _La dmvelo_nC lancDm _.

One such study is Ohm parallel development o_ a

producr.Aon EIAqh_ dynamics system by _ _emms o_

proZesaAoasJ, proq_mrs. _oCh teams v_rke4 from

the same sac o_ requirements, with one cos re-

quital co use the ao_ development process

(FOI_2AJ), whale Ohm second cesm used Ohm _Ls do-

velopIenC 1_. Detailed dace _re collected

duclnq r.he develOlXSeuc phases =o sup_rC r.he a_l-

yeAS. A dlscu_sAon Of _ ezper_manCal approach

some Og C.hm key resul_z grom early, co.laced

s_ux_lel are prosaa_l_[.

Tile Po_enctal _ _a

The )_fa 1_, and _Cs assocLaced _echodolo<r/,,

Is potent/ally one o! _ _esc sLqulficaat In,Co

v_re 4m_lo_mmnc cechnoloq_es co appear la C_e

lu: 20 _s=s.. _ pocenCAal for Lm_rovamenC 1lea

_n the _nheren_ ne_u=e o_ Ads co su_er_ commonly

accepted, l_tq_-qu_Lcy software enqlnmertnq prac-

cats8 such as £n_oraaclon MAdiaq and abstraction.

S_me reservations as co the ezpeccod Am_rovemencs

generated by Ads lle prAmarily ill the concern for

the sAze and overall co_lez£Cy o_ r.hAs l_-
quaqo o I

A1r.._u_h the taler.Ave nigher of ret_orcnd esrpe-

rlencea Aa devmlopAnq produccAon-_ sofCvare

eyacem_ Lu _da As quAce zeal1, slq_AtAcaac produc-

ClviC_ _raAu Mayo been reported vhen Ads has been

_ed."aSeme cla_ _ad esrpecCacAoas amy, hot,-

ever, be based solely oa subjective ln_ormacAon

rat/set t/san ea quanc£Cacive zeasuremeaC from ac-

tual development pro_ecc_. For chAs reason, many
orqa-Azac£oas have _n reluctant Co co,roLe uev

projects _o usinq Ad_ rascal publlshedo completed
exlPerAeacea are areAl&hie.

*Ads Is a r_Jistered cra_rk of the _.S. _overn-

mmnc, AcL_ Joint Proqram Offfce.

There Ls no doubt Chat major orgaaAzacAons feel

chac marked Lmprovemenc chrouqh kda _s _orChcom-

£nc_. _qoc only has the _eparC_enC o_ Det._ense {DOD)

mandated the use of _ for all mission-critical

slr_cems, buc the National AeronaucAcs and Space
AdmAnisCracAon (MkSA) has selected Ads Co Me the

lamquaqe =or the Space S_aC_on proqram, l_eve=Che-

less, at/morons u_cerca/nc_es _ general _ueI_lons
erase vi_hAn r.he _UA _rm_rk_

• Will _dm be mature7 Will produccion-

quaIACy com_Alers and developmen_ envi-

routines be available Co produce Space

SCaC£On so_are?

• Cam the dev_lol_en_ _rkforce be _]a,-

quacely cra£ned in Ads and associated

meChodoloq£es An a timely tam,Ann?

• WI_C are t.he e_ec_ of A_Lt on _e&stt£es

o_ siqni_icanc imporCaute such u produc-

CAvity, relAabil£cTo reuse, saAntaAna/=il-

l.cy, and porte, Alley?

• How sbeuld a sea,are production envAron-

men_ best evolve _.o an Ad_ development
e_v_roDmen_?

Very few 4m_irica_ settles have been reported co

s-ever _ese t_d other obvious quest|one.

Yhe _ for _Irieal _1.,_

To _eCormine Use feaslbL1iCy o£ usAnq such a ne_

cechaol_ as Ads Eor _or proJec'.z !£ke cbe

Space SCatAon, studies nt_tr, be performed CO

cb.aracT.er-rze por_o_'ma_Ceo ru-t_ envirooamnc$,

and the use o_ Ads proqram des/q= lazWu_te (POL).
Zn add£_lon, effort.5 ItUl_. be made _.o de,ermine C.he

m_c_u_A_, and co_lezAC_ o_ _ l_usq_aqe so cha_

plasm_uq, tr_t_inq, and applicac£oa tan be tarried

ou_ with some ¢om_ortsble _meurance. Z_ Is also

poss4kle _.h_I. wl_lOuI _roJ_cC experience8 in

appIyinq the laden kda may noc be the riqbC

chnAce _or stw.h 8= e_for_ as the Space SCaCAou.

Xa 1_8_, _he _niversAty of Maryland ctnducced
several sCud_-ei of A_a, one o£ ,d_ich co=sLiced o_

redesiq=inq and recodinc/ An _l_ a system Chat had
previously been developed An FOItT1L_. 4 The

study pointed ouC the need for tralninq (An both

_et.hodoloq_, and epplicacAon), for the development

of lanqruaqe-lndepondent req_AArements, and for a

production suppose environment for Ads develo_menc.

ProceedAnqs o_ the 2lsC AJ_lluil Howell LuCernaCAoa_ Coz,_erence on S1rsCem Sciences. Ja=uar1_ 198B. /
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To gain furS.her insiqbt into r_e ]_mpllcacLous o£

kdao a ma_or study is bminq conducted at M_5_'s

GoddArd Space Flight CanCer (GSFC) vlthia

Scftvtre Enqineerinc/ Laboratory (SEL). The study

involves the near-parallel development of Lu atti-

tude control sLsulacor by ova reams of proqram-

mars. one usi_ FORTRAH and the or.her usLnq Ado.

The simulator Is Ln support of the G_ gay

Observatory (G_0) mission; vhicJ: is currenc11 v

scheduled for launch in JauuarT IggO,

The problem chosen for ChLs project is a rela-

tively familiar one Co personnel vithin _ F1iqht

Dynamics Olviaion at GSFC. The simulator must
model

• The ouJ_rd attitude control system (ACS)

Se_ulors and actuators chat are used for

control

The spacecraft environment, which in-

cludes ephemeris information and forces

actLaq on the spacecraft

Typically, such a system requires bergson 40 and

60 I_LOC lnoludlnq cowmentary and ls v_lttsn Ln

FORTRAM by a team of S co | people vorkinq over a

period of II co 24 mouths. The ream members are

assigned co _*ork from 1/2 co 3/4 c_se on suc]_ •

pro_ecC.

The Soft.ire EnaLneerLna Labornr_orv (S_L)

This particular study was carried out 4- the

rZlqhc DImamics Oivis£on of _AS_GSFC. This 0£v£-

s£on is reaponaible for buildinq n_morous ma_L£um-

co lsu:qre-sc_e sofCvare systems supporcinc/ Ohm

vatican upects of missLou _sLq=, attitude deter-

minacLon and controlo and orbit decemLmatLon and

control. The SEL 5 has been performLn¢/ sofCvare

development mrper£ments viChin ChLs enviroswmnt

for Cha pamt l0 years.

The SEL is a cooperar.£ve effort becvmen NASA/GSrCo

Computer Sciences Depart=Nut at the Universal-/,

of MazT1aad, sad Cc_poter Sciences Corporation

(CSC). Ib is funded by Y_q_/GSFC and functioas as

pluto of _e flight dlmam£cs or_lmisatiou at

Godd_cd. The S_r ez_erL_enu vlt._ sofCv_ce tech-

noloqias by applyinq proposed tschnl_t4S (sur._ as

Ado) to productio= softvare projectS, cl_n s_udy-

Luq r._ _rocnas and product co d_cerm£as the im-

pact of the teclu_quee. To dace, the SEL haa

studied nearly 60 flight dFuamLcs projects cot_sl-

lnq nearly ) mill/on lines of code. Detailed

sofCware dsrv_lopmenc data arm collect_ Ch_o_rho_t

_ho enCtro life cycle of r.he projects, S provi41a_

deeper [ulqht into such parameters of Interest as

productivity, rel_aJ0illty, and n_sLntala&bilicy.

T_E AD& EZ_IMERT DESIGN

_oml • -._mms rt one-Mot.rice

In seCt£_ up _ plane for the Ado study, the

Goal-Qumscioo-)4etric paradiqm defined by 8asll£6

yes follc,_d. The major q_al of the ezperiment
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van CO qa_n aa much £nsiqht into _La as p_ssible

chrouqh a major comparative study. Through nearly

l0 years of exp•rienco in conduccinq similar

studies and collectinq data for studyi_/ r.he

development process, che SEL has converqed upon a

set of data collection forms r._ac _enerally satis-

fies C_e C_es of lnvest!qacions chac are of major

interest. _n preparinq for r.he _da experiment, a

sac of quesClons specific Co r.ho study yore devel-

oped Co determine if the basic set of data ¢ollsc-

tlon forms used by the SEL would be adequate or if

adaltion_l questio wa and metrics had Co be consld-

ered. In developlnq the detailed _o4_1s and ques-

tions for the ezpor_at, iC was decsmined Chac

several madlf_¢aClons (additions) _uld have Co be

made Co the ezistinq SEL data collection forms.

The additlonal data concerns cv_ areas of the

azpe r iment:

A periodic projection by the Ada cask

aumaqer about the estlmated size (com-

I_nents _ msd l/nee of code) of t.he com-

pleted systom and the dovelc_meat schedule

Morm dotail for ch_qe reports, to deter-
mine vhecher some features of _ yore

d_ivers for chanqes or errors

All _ forms v_re standard SEL forms and yore co

be filled ant in des-;1 from the bec;luniuq of bach

projects, Lncludinq all cralainq clam for the kda
teem.

The data collection £_cluded r.he follovinq:

• rome

Effort data (co the component

lml), reported vmekl T (by each

proqrammer, man_er° and support
sc_ff)

Projection data. cons/stinq of

est_nates/sizes/scho_ules, reported

m_nChly

Chanqe/error data reported for all

cbs-ql! _d errors identified durluq

development

Congeneric characteristic data re-

ported each t_ae • _ component is

defined for r.he system

Project characteristics: final size,

datea, methods used for prc_ect

• Intorv/evs--A_l roam members vere later-

v/eyed porlodlcally co ¢aptu_ro key development

fscr.ors at ma_or phases of the pro_ect such as

tral_ag, desiqn, code, and test. Theme Lncsr-

ek component is defined as a separately compilable

source flle containing, for FOETRAH, a subroutine,

funCtiOn, or block data and, for Ado, a subpro-

gram, package spec_ficatlon, package body. etc.



vie_ were combined v£Ch r.he dace collected tO

produce reports on paFcAcular aspects of the prod-

ecto prosentl_ lessons learned and appropriate
sug_estAoz_.

• Ac¢ountinq rnfocmation--from within the

development environment, the development of both
the FOR_'IL_ and )_da sTscem.s was Cracked h_ ro¢ord-

£nq CJ_ follovinq lurer=st ion on a veekl¥ basks:

Toca£ lines of code ch•c exist for

the STICm

TOC/A nt/_/_r Of ¢ont_ODea_s chit

ezis_ for each syscem

W_r of oh••ties _et had been made
durinq Chac reek 5:o source code

Amount of com_ucer tame used and
number o_ runs aade

• Code _11-zer--_tA SET, pro_eccS are m-
llrzed •t project ¢oaq_lecion by computinq decaLAed
¢_araccor£stics of ch_ source code. For each com-

ponent and for the Coral system, cho folAovinq ere
co_tsd:

EzecuCable v_rsuS nonmzecucable

vers_ comes•car T lanes

- Number of each cy?e of statement

- lumber of o_rands and operators

- Imnber and types of components

This An£ormatlon has been uzed An numerous pre-
vious pro_ects to study such relationships a_ size
and complezity vorsuJ error cats and effort. 7

laa_

Bach de_lo_sent teams wee formed by • cmabiua-
tie• of personnel from GSFC and CSC. A third cram

vaz forue_ rich r.he rospo_ibilitT for developiaq
qoals# dmf£=Anq data co be oollected: performinq
ana£1_i8 of the pro_ec_s; and, An qeaeralo runn_nq
r_e ezl_ere,NnC. This third team consisted of sen-

ior relpresencaCi_8 from GSFC, the _ntv_rsit_ of
_acyland, and CSC.

The l___uctu_e and In_srrelaCionship of _ r..b_
teams is shown in riqure I. The FO_flt_/_team eriq-

laaAly (Januar_ I, 1985) had seven team members,
lnclud£nq oh=re from GSFC and four from CS¢. The
A_a Clam a.lso consisted of seven m_mbers: font

from _SteC and r.h_ee from CSC. Zt was planned Chat
a_l staff _uld average a_out _S percent of choir

for r.be duration of che preheat. The FOrZB,_
team vim observed to have mere ez_erieuce in

developinq Systems similar to the _tO s_mulator,
vhereas the Ado tess _as oz1_rienced vlCh more

lan_eo (Table I). Nelcher *zgerienceo capabi1*

icy, m)t Ln_eres_ veto considered by the GSt_ and
C$C ma_wers in formiaq Clsm develoFamnc teams- the
makeup o_ the teUUl yes based ala_st totally on

_ersonnel availability. OnAy the technlcal mana-

9er o_ C_e Ado Cee_ wee seleoted speclficaily for
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the pro_ecC. He is a senior sotCvare enqlneer

rich extensive ex_erlence in meChodoloqies sup-

ported by Ada.

Fiqure I. _da _rlment Orqaz-iz•Cion

Table 1. Exl_=ie_ce of _ Two D_mZolpmenC Tern

CHAR_CTE_S_C

YEARS OF SOFTWARE OEVELOPtdI_T

TEAM _ WTI"HOYNAMI_
_dMULATOFI EXPERIEN_

3

3

rd_k

TEAM

7

4

The 'p_iaCram underwent excenslvo trnlneaq durinq
che_first 6 =onc_s o_ the pro)oct. Thls cre'alnq

made use of lectures by University staff and ocher

ida ez_ercs, video tapes, practice proDleara, and
key reference books such as Sofc_are _aoineer_

by Sooch. 9 ks • ma_or practice prob-
lem. _ csam developed an EAecc_oa£c t(a_A System

(E_S) ueAnq re¢entAy studied mochodolo_ie8 _ wll
es the _ laaquaqe. This problem resulted in
It_prozimately 6000 limos of Ada cod_ and _ con-

sidered one of ohm author s_ccessful traAaiaq de-
vices used by the seven*person teem.

0_ciaq the 6-_euch Crziu£nq _eriod, r.he ida tema
devoted verT little effort to desiqnin_ the
SyStem, but _ yore instructed in the concep_ of
an attitude coatroZ simulator. The total effor_

ezl_nded by _ Cema in this Creininq period
_1 scaff-a_nChs (ass averaqe of 3 scaff-mouchs per

person). Ezperiences and recommendations derived
from _ 6 months of traini•q _re ¢_corded _• an

SEL publication. I0 The traiainq m_phuized
deliqu meChodolo<ry riCher than _la ly_tiLl
included the co•copes o{ abstraction, infer•uncle•

hidlnq, and object-oriented design.
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A _tailed maJutqemenCJdevelopment plan was qener-
ated ar. r_he beqin_inq of the pro_ecc. This pie=
included estimated schedules, scaffinqo trainiuq

approaches, data collection, budqeCs, and review
schedules for C_e kcla development. 11 A separate

plan wms developed by _.he FOitT_AJ teem. No at-
temlpt was made to prevent'members of the two tea:is

from discussant/ aspects of the pro_ect, I_.Chouq_
in reality, chore van very little ezchanqe of In-
formation or discussion pertaininq to the project.

The oriqinal plan called for the _ team to be

finished (Ch=ouqh sincere test) in approzis_cely
24 months, rich the FO2TXAAq team com_leci_cl system
cescinq in approximately 16 months. The 8-month
difference van to account for the 8-month craininq
period for the Ads team and the erpected learuinq

curve rich C_e new laaquaqe. The same llfe cycle,

preliminary and critical deslq_ reviews (PO2 and

(:DR), and general k;qh-level Implementation stand-
surds _re set for boris teems. It vas realized,
hoverer, chat mo¢LLficatlous and ezcepCioas vould

have to he made for _e _ teBm as develo_menc
proqressed and more mrs _LudersCood about r.he proc-
ess.

The FOrX3LkH teem developed its software on a
VkX-I1/780 computer under ValSe and the Ads team

was to develop iC_ sofCvlre on a VkX 8600 usizW

the DEC Ads compiler runnlnq under V_S. The _a

teem acquired the DL_ Ads envlroumeaC, _Ach in-

cluded the compiler, dsbucF;er, and lancT_we-
sensitive ed_oro and c/_La enviroument van used

for the duration of the _ro_ect.

_ch teams begins the pro_ecc in Januar'l, 1985. The

FOifflt_ Cesm imxedAately be<_an requirements anal-
ysis, while the _ team spear, the first 8 monchx
in tralni_. As Z_ in Fiqure 2, the traini_

CAme caused C_e Ads team co Incur ma_or dslayx

cea_ared to the YClTIt_ schedule. This fiqure

shave only the calendar tame ueoctated vith each
phase; the level of ef£orto especially for the Ads

ceamo varied substantially over the dzracion of

r.he development pro_ect.

The FOIVA'2AN_eam completed all code and u_i_ test-

ing by January 1986 and system cesclnq b_ May

1966. The sys=em beqan operational support in Ma_
1987, after compleCinq all acceptance cesclnq and

software corrections. ,'he sr.arc of operational

support was about 2 _onchs later chart originally

planned; the delays _ere caused primarily by sev-

eral major chan_es to the system requiree_nCz.

The Ads teem beqan requirements analysis in July
1985 and completed all code and unit testinq by

July 1987. Detailed sr.udies of several aspects of"

this e_periment have been presented elsevhere:
Stark and Murphy I0 analyzed the Ads traininq:
A_resti et al. 12 compared the desires charaoter-

iscics: and 8rophy, Ac/resti, and 8aaili 13 and

C_d_rey and Bropny 14 discussed _ desiqn les-

sons learned. ),ddlttonal i_plicacious _ obser-
vations can _e made from the com_lecnd ---1Tses in

C_ree categories :

• Product characterisr.ics

• Procsss characteristics

• Sofcvare management implications

Producr. Caaracr.eris_ics

AlChouqh the Ads system has noc been delivered, a
preliminary examination of both the PORTing and

Ads s_scems has been conducted. A more detailed
comparison will Me made later. The prelAmluacy

analysis revealed the followiuq characterisr.lcs of
interest.

Tbm Ads System _s Larae_ Thxua _J_a FOrA'IU_q

S_Cem. AC the start of the pro_ecC, the sr.udy

qroup dad not knov vbether _e ida product would
be larqero smaller, or about the same size as the
FOrl_Lk/_ product in source lanes of code ($LOC).
Some claims had been re_orted char. redevelo_KI

systems (from FOrI"RAN or COBOL) _mre siquiflcantly
smaller in lines of code, 2 but It wu uncertain

whether Chess claims yore valid _or chin study.
Table 2 sbev_ Chat the Ads product Is siqnifi-

cancly lar_er than the FOBT_ product. ThAn is
true for ezecucables, aoneze¢utablee, assd coamen-

cary. Through review of the code and discussion

TEAM

ADA
TEAM

ACCBPTANC_ 1T,qT I OPERAllONS

SYSTEM Aoom_q_.
TEST ST_OY
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wit_ _ development tes_, iC yes _ecermined that

the size differential is driven by c_ factors:

• Characteristics of the _ln la,_ruawe--$uch

factors as tlr_e declarations and package s_ifl-

cations re<_ire_ a great Aea4 of source code co

i_,)lemeaC. J_.so, che coding style used by _ Ada

_eam provided for relatively Zong prologs and

stro_ use af co_en_&_y C'incluAiiaq blocks for

fotlncti_).

e _re _leziJ_le _e= lnterfaoe--_r._ te_s

star:ed with the same set of re_,iremencs. The

aspects o_ _Jle sppl_cetion _ !ess CO eke fee-

tures of _ ,,set interface. The Ado team _ook

_._e op_or_ity to develop • _re con_ra_,

screen-or•eared user interface° v_ich re<Ftlred

approximately 40,000 SLOC, nearly four tA_es the
size o£ _ FORTL_q _er interface, km eddAtio-,41

fat:Ore r.he J_a :ea_'s _t having cIse schedule

prezs_o of the FORT1U_ _ea:, also encouraged _e

Ado te a_, Co develop a mere ambitious (and larger)

user Interfere. _o_J_ versions° P_rA'_U_ a_ _lao

com_leteIy satisfied system =ec_irements, bu_ the

Aea version contained added fuaccionallt7 in the

user interface su),syscem. _one of the ocher sub-

systems contained such extensive functional addi-

tions.

•able 2. Project Sise Come, arleen la So,,rce

L.Laee o_ Co4o (SI_C)e

-once _ NIMM k_m4_J_mMM

Th_ Deai_u_ _tt_Lted In _he _ and PO_TIL_J_

_J_&_ _ 4esiq_ of _ _t System "looks4 lL_ n

r01_L_U_ 4osAka." _ S_. study _ro_q_ _ss _:er-

esCed In vbechec _.be d_siqns ere essenCielly dif-

ferent or vbe_J_er _ Aria system is a recodi:w of

FOIrIgJ_ desists, A ¢ompiter.4ve s_udy of the

• esl_a 12 c•_cludud _hac _J_e 4esi_ms _ere 4Af-

ferent la suJ_st_mtAve ways. Some _fferea_es yore

related Co _d_: for ezample. _he _ _ackeqe con-

oe_ facilitated the Implementation 0£ rJ_e s_Ce

_cbine abscrecciou. The Ado system sbot_4

ez_les o_ st;aCe machine _bstrs_lou vbo• c(m-

pared vi_l: rJze procedural abstracr.tou fouad ia

F_RTI_f syutem. 0_J_er d_fferences were n_t

_L_ roasted, rot exile, _ p_.:l_q of the sLeu-

lotion is handled differenr.ly £n each System.

kqrescA et _1.12 present a 4e_ailud disc,.iSle•

of the desig= dl£ferences.

The _b_ STSe-em Does Make _Se of the _revsr

Fea_:uree of Taskin_ and Generics. For L_Ls Co

As_rove the current FOW1"_J_-based soft.me _evel-

opmenC process, the features Char. d_stiufuLsh _la

from FORTIUd_ must be used. Occurrences of both

teskAnq and 9enerics esclsC In the A_la system.
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Tasks provide far the user co display onc/oinQ sta-

tus information vichouc incerruptin_ the progmess

of the simulecion. Generics are visible in rye

roleS:

For packeqes of highly cohesive proce-

dures chat can be inscaatiaCed for dif-

_ecent de_Aaitlons of a floacAs_;-poiat

• ata ty_e

For =ore complez _--ctioas (e.9., a_eri-

col integration, ephe_eris) Chat are coe_

s_ _o _he application _mala

The use of _askiaq and generics further distin-

_isbes the Ado system f_om the FO_ system.

Process (_aracter_stlcs

The introduction of Ada and related tech_olc_ has

affected the current development process vi_J_u

this particular enviroas_nc. Some of the effects
are discussed in rJ_s section.

_m A_a System Ee<ru_re_ Here Effor_ To

_l.q_. T'kle 3 lists the zca£f-hours of effort
for c_e roi_ and kda teems _ shows chat the

Ads pro_ecc has consumed more resoUrCeS _a che

FO_IU_B pro_sct. The follovinq si(Taifl¢aat fac-

tors affect _ effort data reported la _ Cabie:

F_R'I_U_ teat, re,ted 34 percent of its

code from previous FO_XTA_ dynamics sJ_u-
lecors.

The _d_ prod_ct Ls large: tJ_m _he

rGRT1Lk_product.

The _a user Interface Is larger and

siqaificaatiy 4Afferent fro_ the FOIrI"ItAN

user Luterfece.

The study teem ex'pecced the Ado system Co require

relatively mere desiq_ effort a_i less integration

effort C/_LU • t_pic_l rORTIUU[ pro_ect. The

te_'s desiq= effort yes greater c/•us C/u) FO_

t_e_'s, buc Table 3 s_vs a _ bl_er difference

ia the coeAaq phases. The data in Table _. how-

ever. use the CDR dace (which may be a somewhat

arbitrary or artificini discrlminacion beCveen

design a=d code) for dividing desiqra effort _rma

co_laq effort. Aea raises questions concerning

the appropriate poinu for milestones ma_kinq

Table 3. t_co_cc Zffnc_ Composite

11tamm_

n_ a/_aLYsm

OimeN

CO_E _lO UMl"II_r

SYS11_ 11_r

accewa_lcs l_rr t_TH
_Cd_13 a_o

.._m., V ,_,
S 3534

4734 1_4_

6O(0 _A

_.ALEqOA_

; _ .m_a. ann
U U

IJ 3_1

LJ _U

U e_

IU N/A

eACTUaL H_URS 1_ SEP_'E_OER _ _94_ ESI_AI_D _OR
sI_rEMSER IS. _M?. TO OEC_Ma_q 31. el7



tra=sitions bevY•an phases. For approximately
__ 3 months _ollavi_ the (:DR. Cbe Ado team was en-

terlnq packaqe specifications correspondlnq to its

deniq=. T_Ls eEfo_t certainly could be character-

ized as d•sic]=, but w_ counted as codlnq tame in

Table 3. k reasonable condition Zoc z, _da C_|

may be the completion cZ such packaq• specifics-

clans and type declarations. _d& offers cJ_ie op-

port_lty to check d•sicj_ couslsteu_ vic_ the

-" co•pilot. -

.- The Siscorv of Source Cod• Grov_ and Chaaaaz

EeflecCs Slaulflcanc Differences in cha _L_ and

_L_&. Trackicw the historT of addi-

tions of source code co _ davelopmeot library

provides lasiqhc into project characteristics such

m_ as daces 0t' reIoese$ being mot. dates vh•n Satire•

code becomes stable, _ud p•ricds vbeu various

_s_utiCtes of cod• at• ad_•d (or deleted) possibly

refZec_nq the addition of •ncireIy reusable coa-
l _uente. Flq_ra 3 depicts the mkly histcr T of

m-_ source code size _or C.be _ pro_octs. S•veral

_0ints ace vor_h noti_z

• Of the total FCRT_Am coda, 36 portent yea
reused _rom earlier projects. This code re.8 e,dd, ed

--_ _lmoet _11 at gate very early in C_e codinq phase,

which is sho_a by the very rapid qrov_ •arly in

the pro_mcc. Wo such rapid qrc_ i8 noted in the

pro_mct, whet• less C_ 2 portent of code _==

reueed.

• T_a Ado davelc_nent sbov_ am extremely

smooth buiZd approach duriaq the codinq phase,

- This is _0ced iath• obvious step _uncC_ous up

j thro_wh reek 30, vheu the _i_ release _a pre-pared, vith a qrr_du_l increase Ca coa_pletiou of

cadiz W at reek 44.

• The FOET_N_ prod•cO deleted over lS I_SLOC

betvmen reeks 20 --_ 23. Two _m_oc £u_:ciom_ that

had been kept separate up _ouq_ reek 20 were

merqe_ into a coamoa function by _eek 23, _d_Jn

uu_szeceesaLl_ source code _ deleted. Details Of

chA8 _rov_.b k4story are still b•izw analyzed and

viii be reported Lu _utu_• S_L studies.

k_cher p_rametor Chat occasionally loads to £u-
r.ereeci:_jr co_arAsol_41 A8 the IListocy of cJuu_es to

sou_rce code. Flq_u_e • sb_m _e _cc_u_lated

cha_q•s by reek that vere made Co th• source cod•,

where • c_ Is defi_ ne _y ed(Utioo, del•-

_O CPCOOE .-'--. _.._ I

M r'_._ ,,_,,,' ANO UNiT 1liST

0

riq_re 3. Gcevch in So_ce Coda

3

3

k

• 4_- / /--'- l

, ......J
4 _4 34 30 M

WEIg_SR4OM_TUSEOFCONTROU.EOSOURCECOOE_

Piq=re 4. Grov_ in Chanqee to Source Code

clan, or m_dification made to a component. The

_la effort sho_ a cb_e _ietory Chac le very

einilar in sic_uacu_e to the 9forth b/story (as

vould probably be e_ected). There is no erratic

deviation from reek to aM. The uormalised

chanqe history (the.wee dAvi_d by current system
size) Is s_ovu in Flqure S, --iaq 4A_'ferenc uor-

realization factors: number of component• (Fl_-

urn Sa) and source lines of code (riqrure Sb).

of Components

_6_71 , _ pow_b_q
A_

1 4v

u, g ............ .'x. ....
OI .......
e ,o _ 3o "_" ....... ,,-

F/cj_re Sb. Gro,rr_ In Cl_mqee _z-mallsed

by Source LLnes of Code
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Profiles of Errors Our_De_nslocwout Reveal

Some Differences Se_eu the .'_R'I'_ANand _A-

_. A preliminary examination of errors re-
parred by the cw_ developmeac meatus shows some

differences. _hen as error is made, oecessiCaCAnq

a Code chaaqe, the proc/rammer c0mpleCes a fo_a
Chac associates ohm ohanqe v£c_ a requirements

error, desA_ra error, codAoq error, etc. The _da

team attributed 33 percent o_ Ace error correc-

tion• co errors _a deslq_, versus only 2 perceaC
desA<yu errors for cbe FOrA'Y.A_ teas. CodAaq errors
Yore cared An 51 Ferceoc of _e cases for kda,

versus 88 percent for FO_A_. A iikeAy explaaa-

CAOa Is the _I_A'IAJ Calm's ce_as _f a prevlo_e

desiqu versuJ the _da team's oriq/aaA desAq_.

The dana colleoCe4 from C_e kda ream £ndOoaces the

deqree Co vMAr._ _ -so of Ad_ coacrtbuced co a

cha_qe or error. Ado vu cared as • ¢oncr£btLc£aq
f&c_r l_ 28 _rco,_c of c_e c._s or esters.
Some o_ :he _eacure• involved ia _a cl_=qes or

errors were ezoepCOoss haadllnq, Ca•MAze, and r.he

vie£hA1ACy centre1 o_ proce_iures and asmee.

5o£_a_e Manassas Ymol_cacLoes

Some maaaqemeaC observations related Co scaf_Anq

and ma_aqemeaC CrsAniaq are brAe_iy discussed.

leers Banid Phase-In _f S_a_f Was Possible.

_n _J_e current FO|TtJ_-ortenced development proc-
ess, adO£C£oz_al s_a_ a_e Cy_lcally added 4ur£nq

the derailed deslq_s and codAa_ p_ases. Additional

scarf were also added co the Ado ream. The Cls_

Co phase _a nov s_aff such cbac they yore orieuce_
and productive v_l lass vA_ A_a _oa vAr._ FOItTIU_.

packa_l specA_Acat:Aou clarified C/_ visible
"co,,_ra¢1=" t:o _rov_d_s services _o ocher packs_es.

Irev sca_ were able co Implement packaqe bodOes
vAr.M some dm_ree o_ confidence C_ac r.bey were aec
adversely a_feccissq Chelr cas_ mrs u 1oaq as

the "contract" vu sac violated. Zn chAs sense,

the packaq_ s_eoi_AcaCAoa serves Co bound Ch_ s_as
of _.a_lues_ce of the nov ream mead)or.

14aaa_mra _hsst:He _z=fn_d in _ 14eehodoloq_.

The _a _asm u_zder_,essCezCeuslve CraAa£n_ _n

Ado laaquaqe and AC_ •associated _echodoloqAes. By
usA=q ob_ecc-orieaced desiqu, the ream aacurslXy
developed aev represeaCaC!oas (ob_ec_ diaqramSo
etc.) for cha=acCerisLaq desAq_. AC the scheduled

reviews, _he ream attempted co use the a_A_ied

repcesenCacAoas, huc reviewers had noc bees

creased A_ chase re_reseaCaCAoas. The overaAl

concepts of che Ado desiqrn were rJ_erefore ez-
c:esml F 4A_ficulc co l_rcray co _ zaCra_ae4
sofCva=e _a_ers a_d led Co nw_mrov_s mAsmsdmr-

sCandAsW8 and repeated ezplanaCAou of cer_tsnloq7
asd re_reseacaclons. Efforts rill be made in the

future _o defiae and qeeera/fze r,be com_aeac• of

an oh_ecC*orieuced desalt.

_rlsri_ Dev_lom,en_ S_an,_ardz and GuLdellnea
14av Be Inceeme_le _i_.h A_la Teeh,_1o_y.

maaa_emen_ teem oriqAnally aCCempce_ Co adhere Co
_e set: o_ development scaacL_rd• 15 _ac had been
desi_raed t:o acooa._odace the classical vacer_all,

functional d_coml_osACioa process. _any of the
produces defiaed a8 neceasaz_r for com_leCioa An

certain phases seemed mAstiCs _or the kd& meam iu

uslaq oh_ecc-orAeuced desLq_. For ex_g_ple, desAc_a

revievs vere arbitrarily sac ('1o's a_ouc came _cr
a rev£ev") vlCl=ouC havlu_J qond measures oC wheC_ec

"..he teem was really ec Some speciflc, de,triable
mAlesCo_. G_Adell_es on the _om and concerto of

doc_s_ln_s were FO|T?3_-oclenced: for crumple, Co
include structure charts ova levels from the Cop.

These development _AdelAnes and standards rill

require m_dl_Ica_Ao_ for oh•era-oriented deslq_.

Although lC ks prep•cure co make a final jud_meaC

of the vlabAiA_y of Ado based ca oce particular

study, _c is passable _o make some qeneral obser-
vations. Based on the ezperAences o_ c.he ream and

manaqers scudyinq the _da ez_erAmeoc, Ado has been

demou$CraCs_i co be a vlable, usable Cechnoloq_

capable of sup_rCAnq so_Cvare deveAo_ac _or aC
lease this one particular non-real-cAs_ a1_plica-

_lon.

_ ,,"CerCaAnCteS abou_ A_la muse SeAl1 be lnveJ-
cAqacedo and _c• maay _mmaCure feacureso such as

the general overall _erformaaceo muse coem o_

aqe. Yec for envlronmenC• sAmllar Co the oae

studied. _ is •vaAlable and Is capable of sup-
_rCAaq the development o_ ma_or production soft-
yore systems. Based on ".he early res_Ics _rcm

this esrperAmeuc, NkSA managers involved vlCh the

scu_y have concluded the follovlaq:

• _ cau be _sed Co support u_ncricAca_,
non-real-CAme prn_eccs for _llqac d_-
Ace mission support.

• _dAt:ional studies _tsAaq producctoa-c_e

develoFa_uC e_forcs muse be supporcad.

ks o_ _As vcl_.£aq. _ addle.loual savor mAssloa

supS_rC pro_ecCs have been desAquaced co be devel-
oped _a Ado in the fZAqhc dFaamics eaviroament:.
_hro_qh ezce,_s_ve da_a collection a_ci close _oul-

C_rlU_o _t_ese projects rill also Me _e4 co _er-
_om more decaAled asalysls of _.he characteristics
of /_ so_vare develo_ent:, k_dtC£onal opert-

cAonal,_sup_orc systems _ov beiuq des£q_ed _or A_a
are e_Adence of RASA's support _or Ad_ CeChnol-
0<_. _t: Ix to•lAzed _A_a_ _lese s_a_or develo_aaC

pro_ect:s are laACAaced immediately, the evol_cAou

co as Ado support euviroamenc _or r_he SFace Sta-
tion v_11 Me ezcremely difflc_AlC, if sac _os-
sable.

t_o_e of C_e _u_res mly_e4 has laminated v.hac

Ado should sac be _ed u e.he develops,eat Ion-

quake, aAchouq_ the results Indicate Clear cauclon,

pat:lance, u_ manaqerl•l suppor_ are req_lred In

applyiaq V.he new cec_aol_, rot c_is reanou°
each s_w pro_ecC vl_hAa the GSFC f31qbC dlmamAcs
area Is te_Are_ _0 _evelop a ¢oaCi_qeucy plan

descrlbAaq hey the pro_ecC ca• be com_leced via-

out: com_leCe _epeudency on Ado. Such a plan is
laOAcaCive of the ezt:reme caution r.l_ac muse be

used v_ea commicclnq Co a aev Cecha_Ioqy. _da has

been e_ccess_A for one particular ezperimenc, _or
one part:lobar application, and In oae parclcular

eavAroeaestC° huc additional years of sc_y vAll be
needed before the cauClou flaq can be lifted.
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In addition Co r_e project data co,_arisons _hat

are being analyzed, the following general obserVe-

Clone ware made by the study team during C.he ex-

periment:

• There is • critical need co support addi-

tional ida development project studies--Durinq _he

experiment, members of _he study group aCt_epced

to locate sisAlar scudAel in production environ-

men_s so Chat results could be compared and gen-

eral information exchanged. Because of Cha

unsuccessful accepts of r_e team to locate such

projects, Chars is great concern chat too much

speculation is be£nq put into studies and planninq

for Ado applications without enough evidence based

ou comparative studios or even general Ads devel-

opment efforts.

• Ado performance is ant a major issue in
the DEC environment studied for non-real-time

systems--One of the major objections to the Ado

lancDaaqe Ls the size and complexity of Ado syw-

tmms, which ha_ resulted is_ general performluBce

_uestions. Although r.he SET. bes not _ ma_or

efforts to study overall performance characteris-

tics. it was found Chac the performance of _he

support environment used In rJ_ts study yes ade-

quate to support devQlopmenc and operations for

rJ_se subject ground support systems. There was

not a significant degradation of overalZ perform-

ance when Compared to r.he usual FORTEAH systems.

• He measures of concern indicated Chat ida

cannot be successfully applied today--Although

analysis of r.his project and numerous ocher ef-
forts will continue over r.he next months and even

_rSo the key measures of concern for this

study--cost, reliability, and maintainability (ef-

fort to change/effort to repaAr)--hav_ not indi-

cated Chat Ado cannot support current projects.

Insight has been gained £n each of Chase factors

and, _IChouqh uou of r.hese measures has s_ns

dramatic improvement for Adao name has indicated

eAr.her Chat Ado is not ready for use.

• The unusually largo size of the Ado prod-

nat is surpr£ainq, but somewhat ezvlainable--As

note4 earlier in chAs paper, the co_lerAd Ado

product wl_l _hree times as larqe (source lines) as

r,he FOET]U_ version. This s_se differential vu a

major surprise to ",he study team, but was driven

by three key facts:

The nature of t, he Ado language (type

declarations° etc.) results In more

source lanes chart FOWr]U_ requires.

Major additional functionality yes

built into portions of the Ads ver-

sion An an attempt Co sake _e sys-

tem better.

Beceuse the project van not driven

hy tight schedules and overly con-

strained pro_ect funds (as yes _he
FO_kN version), r.here was a ten-

dency Co continually add ¢apahillty

to r,he Ado version.
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• Claims of significant productivity grins

with a flrst-time use of Ado are questionable--

This eupariment made si_niflcanC Invosr._enCs over

a ]O-monr.h period to gain insight _ntO _he impli-

cations of using Ads. Two key measures of inter-

est co all software engineers are _roducciviCy and

reliability. Despite the face chac chls major

effort is probably one of _e few of ice kind, ohm

study group feels _ac no _uscifiabls statements

cos _t be made about producclviCy when using

Ado. _any unknowns and additional parameters have

complicated r.he effort co a¢curately determine

productivity dlffereucel. The numbers obtained

from studies within the SEL show Chac productivity

ranges from one-half Co Cvlcs Chat of POrI'RA_, It

would be premature Co draw any conclusions ocher

_han CI_ac the overall cost of using Ado is not

prohibitive and is similar _o chat of developing

software in a more traditional fashlon. Only by

conducting numerous additional studies and collect-

inq valid data from Ads development projects will
ve be able CO decsrmlne the relative effect of Ado

on such • key factor ss productivity.

The SEL pro_ect described here has led Co •

greater _nderstanding of both the Ado language and

its associated development mec_o_olo_ies. This

one major study aC _ASA has provided invaluable

insiqhc Lace • cecbnolo¢_/ thaC has _he Potential

to affect the entire sofmware development COmeLY-

icy, In addition, it has provided extensive

training to a large group of software developers
and has raised the enthusiasm for Ado within the

GSFC environment. It has also, however, ez?osed

some saint areas for caution.

In addition Co che obvious concerns a_out train-

Lng, performance, proper use of Ado, and complex-

ity, _he experiences gained in _his study have

resulted in a clearer pro_ecciou for the transi-

tion to an A_a development environment. Although

all study participants and managers concluded _hat

Ado is a most promisin_ technology and is avail-

able nov for some appiicacionso _be study team

(from _ASA, CSC, and the _nLversicy of _aryland)"

also felt thac Ohm transition from • typical

FOItTRAH environment co an Ado production environ-

me;C will take much longer _'.an originally esti-

nutted, An fact, from 8 co 10 years,

This single study project has been active for over

2-2/2 years, wir-h additional efforts being made Lu

training and planning for other projects. 8ow-

aVeCo Chlz particular software developmen_ envir-

onment is another 7 or R years away from being a

routine user of A_a and not primarily "a FORTRA_

shop." This estimate Is based on the time re-

quired to understand the various effects of Ado on

the current FOeTlt_ legacy by planning and con-

ducting more studies° tralniz_ technical and

manaqesant personnel, and observing more Ado pro-

duction pro_ects,

0esplte the discouraging time estimates for _h_

transition co Aden this study .has reinforced _he

optimism for ida's high potential. With such •

major effort required _o evolve Co r,his improved

technolog T, additional studies must be _nicieted

and supported.
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